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Abstract 
Silicon/glass micromachined, fiber optics based, lab-on-chip device and metrological instrumentation for quality evaluation of 
animal oocytes by VIS/NIR transmission cell-by-cell measurement (400-950 nm) is shown. Several porcine and bovine oocytes 
were tested. 3 quality classes of porcine and 4 quality classes of bovines oocytes have been identified in a good agreement to 
classical veterinarian methodology.   
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1. Introduction 
 
The popular veterinarian method of qualitative selection of animals oocytes for artificial fertilization is based on 
morphological aspects of cells. In the method quality and maturity of ovarian follicles (more mature gives stronger 
oocytes) and complex of the cumulus cells surrounding particular oocyte (greater number of cells is a positive 
factor) are two most important morphological factors to be taken into account. Selection is done by the trained 
veterinarian specialists observing under a microscope oocytes “flowing” in PBS (Phosphate Buffered Saline) buffer. 
This is unsatisfactory selection method one of the weakest points of agriculture breading industry, because 
introduces larger personal factor and cannot be automated. For example, only in Poland at least ten thousand 
artificial fertilizations of bovines oocytes is done yearly, what introduces proportional number of qualities tests. 
Some local sources confirm that only a half of qualified oocytes results in accepted quality of new-born animals.     
In this work a new microfluidics Lab-On-Chip (LOC) based instrumentation for quantitative evaluation of quality 
of porcine’s and bovine’s oocytes by microspectrometric VIS/NIR measurement and first results obtained is 
presented. New selection offers significant reduction of stress influencing oocytes during characterization [1] 
(minimizing of manual oocytes manipulation) and methodologically accepted methodology of selection [2]. From 
the other hand miniaturization of instrument is a big advantage in out-door experiments.  
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2. Experiment 
2.1. Chip construction and technology 
A scheme of the lab-on-chip device is presented in Fig. 1. It consists of silicon-glass sandwich with two glass 
optical fibers. The dimensions of microchannels are accurately adjusted to average size of oocyte, e.g. 140µm (Fig. 
2), optical path is 340 µm long. 
a) 
 
 
 
 
 
 
 
b) 
 
 
 
 
 
 
 
    
 
 
            
        
 
 
 
Fig. 1 Scheme of silicon-glass chip: a) a top view; b) a cross-sectional view Fig. 2 Scheme of a “trap” used for 
immobilization of oocyte 
The microfluidic channels and channels for optical fibers (140 µm – depth ) have been etched simultaneously in 
DRIE (Deep Reaction Ion Etching) process in the monocrystaline silicon wafer 380 µm thick. After this, a thermal 
silicon oxide 0,3 µm - thick is formed using. Next, the wafer is anodically bonded (450 0C, 1,5 kV) to the 
borosilicate Borofloat (Schoot, Germany) glass with inlet and outlet via - holes.  
Following, optical fibers 125 µm (Ocean Optics, USA) with 100 µm core are mounted. They are perfectly 
aligned each to other thanking to high precision of DRIE etching. Fibers are fixed by use of UV epoxy hard glue 
NOA 61 of THORLABS. Fiber 1 (see Fig. 3) is aligned to the edge of the inlet microfluidical channel, fiber 2 was 
forms a “trap” for oocyte ensuring fluid flow but immobilizing the oocyte (Fig. 2 and Fig. 3). Ends of both fibers are 
finished with standard SMA 905 connectors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 The chip with fixed optical fibers Fig. 4 Final instrument construction  
The silicon-glass chip with integrated optical fibers is placed in a metal package (Fig. 4). The package is small 
and shock resistant, therefore can be used outside laboratory. 
2.2. Measurement set-up  
The measurement set-up consists of VIS/NIR light source (a halogen lamp), developed by us lab-on-chip device, 
miniature spectrometer (Ocean Optics, USA) and PC with original Ocean Optics software (Fig. 5). Light transmitted 
from the source by fiber 1 passes through PBS medium and the measured oocyte, is collected by fiber 2 which is 
connected to the spectrometer. The spectral characteristics are recorded, normalized, and processed under Origin 
(USA) software. 
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Fig. 5 Measurement set-up for oocytes characterization Fig. 6 Oocyte while measurement – true image 
The single oocyte has been introduced inside LOC by pipetting and capillary forces (Fig. 6). After short 
measurements (circa 2 min) oocyte is flushed-back to a sterile transporting container for future treatment. 
2.3. Porcine oocytes tests 
Three types of porcine oocytes, coming from three classes of ovarian follicles (according to actual veterinarian 
classification: small - class 1, medium – class 2 and large – class 3) have been investigated. Spectral transmission 
characteristics of oocyte has been mathematically obtained by subtraction of spectra taken for pure PBS and PBS 
plus oocyte. 
10 of porcine oocytes have been measured for each class. Characteristics have been normalized and processed as 
discussed above. Average transmission characteristics obtained for each class are shown in Fig. 7. Experiments have 
indicated well observed relation between position of local maximum at curves, near 620 nm (orange-red light) and 
class of ovarian follicle (Fig. 8). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 The transmission spectral characteristics taken for porcine 
oocytes which  came from different size of ovarian follicles 
(class1, class2, class3). 
Fig. 8 Maximal value of local peak and its position taken for 
three different classes of oocytes. 
2.4. Bovine oocytes tests 
The veterinarian quality classification of bovine oocytes differs from the porcine one. They are classified in four 
classes according to the size and number of the cumulus complex cells surrounding oocytes. Class 1 is the best, it is 
assumed that this class of oocytes give the higher probability of successful artificial fertilization. The measurements 
bovine oocytes have done in the same way as for porcine oocytes. Transmission spectra of  5 oocytes of each class 
have been measured, average characteristics are shown in Fig. 9. 
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Fig. 9 Transmission spectra characteristics of bovine oocytes 
for  four quality classes  
Fig. 10 Minimal value local transmission and its position near 580 
nm for four different classes of oocytes 
Experiment indicates good relation between position of local minimum near 580 nm (orange) and class of the 
oocyte (Fig. 10). This opens a way toward oocytes selection allow for selection of good oocytes for artificial 
fertilization of cows. 
3. Conclusion 
The LOC optical chip for classification of animal oocytes (pigs and cows) by measuring of its transmission 
spectra has been presented. Tests of porcine oocytes isolated from various sizes of follicles, as well as tests of 
bovine oocytes of different classes have been successfully done. Shift of the local maximum of transmition of light 
near 620 nm taken for porcine oocytes is in good agreement to the size of ovarian follicles, similarly, shift of the 
local minimum of the transmission of light near 580 nm taken for bovine oocytes shows clearly their class. 
We have determined the presence of several differences in all of the investigated transmission curve between the 
gametes isolated from various sizes of follicles. Our results have show, for the first time, the morphological 
differences (in relation to cytoplasmic ultrastructure) between porcine oocytes collected from large, medium and 
small follicles. Similar results have been obtained for bovine oocytes, divided into 4 quality classes on a base of 
morphological evaluation. Our results show difference in spectrum characteristics between each group. 
The presented results describe a new parametric method for evaluation of quality of oocytes and embryos of 
breaded animal, and may be the first step toward development of new methodology of classification of other 
mammalian gametes. 
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